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© A process apparatus whose chamber can be 
cleaned in a short time not exposed to air at all. At 
least two electrodes of first and second electrodes 
(107, 105) are provided in a vacuum vessel (108). A 
high-frequency power (112) having a first frequency 
is supplied to the first electrode (107), and a high- 
frequency power (101) having a second frequency 
different from the first frequency is supplied to the 
second electrode (105). A mechanism for supporting 
a wafer (106) is disposed on the second electrode 
(105), and a gas introduced into the vacuum vessel 
(108) is turned into a plasma by the powers. In this 
apparatus, a mechanism, by which the impedance 
between the second electrode (107) and a ground 
can be made enough larger than that between the 
first electrode and the ground, if necessary, is pro- 
vided. 
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Technical Field 

T'-.is invert c" 'e ates to a process accaratus. 

!" ^z^e deta. : a:es tc a crocess accarafjs 
^a. a r.\g^ ce^z'^ a'^.ce prcvded w:tr, a seif 
c;ea^ing rr:ecna'^ S"" 

Background Art 

The pr'or a^ a- I be described with reference to 
F'Q 4. 

F;g 4 IS a sectional view of a vacuunn vessel of 
a genera! piasn^.a CVD apparatus. 

in Fig 4. run^eral 401 depicts a high-frequency 
generating apcarat^s, 402 an upper electrode. 403 
a valve. 404 a high-frequency nnatching circuit. 405 
a lower electrode, 406 a wafer, 407 a heater for 
heating the wafer, 408 a gas inlet, and 409 an 
evacuating port. 

In this apparatus, the wafer surface is accu- 
nnulated thereon, for exannple, with Si02 film, a 
nnethod of which is to dispose the wafer 406 on the 
lower electrode through a gate valve fronn another 
vacuum vessel (not shown). The wafer 406 is heat- 
ed, for exannple. at about 400 • C by the heater 407. 
and monosilane gas and oxygen gas are intro- 
duced thereto from the gas inlet 408. By means of 
the high-frequency generating apparatus 401. a 
high-frequency electric power, for example, having 
a frequency of 13. 56 MHz is supplied on the upper 
electrode 402 to produce a plasnna, then Si02 is 
accunnulated on the wafer surface. At this time, the 
S1O2 sticks not only on the wafer surface but also 
entirely on all inside surfaces of the vacuum ves- 
sel. The Si02 stucked on the inside surface of the 
vacuum vessel increases with the increase of the 
number of sheets of wafers processed, thus it 
separates and then sticks on the wafer surface, a 
production yield is considerably lowered, for exam- 
ple, in semiconductor manufacturing. 

To solve this problem, substances stucked on 
the inside surfaces of the vacuum apparatus are 
required to be removed by cleaning. 

A method of cleaning in the prior art includes a 
wet cleaning and a dry cleaning, which are de- 
scribed as follows 

In the wet cleaning, the control proceeds to 
turn OFF the power supply to the heater 407, to 
lower a temperature of the lower electrode down to 
a room temperature, thereafter to closing the valve 
403 of the evacuating port, and to introduce argon 
gas or nitrogen gas from the gas inlet 408. By thus 
introduced gas. an inside of the vacuum vessel is 
made into an atmospheric pressure from vacuum. 
After the inside of the vacuum vessel comes into 
the atmospheric pressure, gas supply from the gas 
inlet 408 is stopped and a cover (not shown) of the 
vacuum vessel is removed. Organic solvent such 


as iscc'cc* a.conci or ethanoi or tr^e like is suit- 
aC'V '.^creg'^atec mtc cioth har-jly generating par- 
ticles. a"d a*ter the cloth is used tc completely 
A ce and z ea^ eve^y rcoK and comer c* tne mside 

5 sjrface of tne vacuum vessel, the cover is assem.- 
Died on t^e vacuur^, vessel Here, tre ccntrcl pro- 
ceeds tc open the vaive 403 of the evacuating port, 
to evacuate the vacuum vessel, and to give a 
predetermined tem.perature to the lower electrode 

7c by turning ON the pcwer supply of the heater 407. 
FuTLhermore. it is confirmed that a vacuum degree 
ins de the vacuum vessel is equal to or less than a 
predetermined backgi^ound. 

In the dry cleaning, inert gas containing halo- 

;5 gen group atoms such as F, CI, and Br is intro- 
duced from the gas miet 408 to produce a pre- 
deternntned pressure inside the vacuum vessel. 
The high-frequency electric power having, for ex- 
ample, a frequency of 13.56 MHz is supplied to the 

20 upper electrode 402 by using the first high-fre- 
quency generating apparatus 401, thereby plasma 
IS produced to chemically activate the halogen 
group atoms. Thus activated halogen group atoms 
react with impurities stucked on the inside surface 

25 of the vacuum vessel to be converted into gas 
phase, which is removed by an evacuating appara- 
tus. 

Each of the prior art described above has a 
problem as follows. 

30 In the wet cleaning, a large problem resides in 

that substances stucked on the inside surface of 
the vacuum vessel are wiped and cleaned under 
the atmospheric pressure by the cloth in which 
organic solvent such as isopropyl alcohol or 

35 ethanol is impregnated. In detail, such wiping and 
cleaning works are performed under the atmo- 
spheric pressure, thereby moisture in the atmo- 
sphere sticks on the inside surface of the vacuum 
vessel, or the organic solvent impregnated into the 

40 cloth remains inside the vacuum vessel, or further, 
particles generated from the cloth are left inside 
the vacuum vessel. These residual impurities, when 
processing, provide disadvantages in contaminating 
the wafer, and in deteriorating a characteristic of 

45 the semiconductor device and so forth. 

In the dry cleaning, plasma generated in the 
vacuum vessel is impossible to remove impurities 
stucked in every nook and corner of the inside of 
the vacuum vessel because of an insufficient 

50 spread of the plasma into the vacuum vessel. For 
this reason, in the event of increasing the amount 
of impurity or impurities stucked on the inside 
surface of the vacuum vessel, finally, the wet 
cleaning has still been reliable which however In- 

55 dudes the disadvantages as formerly described. 

As described above in the prior art, the par- 
ticles or impurities remain inside the vacuum ves- 
sel, this lowers production yield in manufacturing 
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semiconductors etc 

In addition, tnese cleaning works provide a 
serious problenn tn considerably deteriorating an 
availability factor c a rate of operation of the 
acoaratuses and m degrading a production effi- 5 
ciency m the nnan-factunng process lines 

An object of the invention is to provide a pro- 
cess apparatus capable of cleaning in a short time 
entirely without exposing a chanriber into the at- 
nnosphere. 

Disclosure of the Invention 

An apparatus according to the present inven- 
tion, tn which at least two electrodes, first and /s 
second electrodes are provided in a vacuum ves- 
sel, a high-frequency electric power having a first 
frequency is supplied to the first electrode, a high- 
frequency electric power having a second frequen- 
cy different from the first frequency is supplied to 20 
the second electrode, a mechanism for holding a 
wafer is disposed on the second electrode, and a 
gas introduced into the vacuum vessel is turned 
into a plasma, is characterized by having a struc- 
ture by which an impedance between the second 25 
electrode and the earth is made larger enough than 
that between the first electrode and the earth, if 
necessary. 

Function 3^ 

A structure, in which an Impedance across a 
second electrode and the earth is made larger 
enough than an impedance across a first electrode 
and the earth, is operated, thereby plasma within a 35 
vacuum vessel spreads, chemically activated halo- 
gen group atoms are spread in every nook and 
corner inside the vacuum vessel to react with im- 
purities stucked on the inside surface of the vacu- 
um vessel and to be turned into gas phase, which 4o 
is removed by an evacuating apparatus. 

As a consequence, the impurities are removed 
up to an extent in every nook and corner of the 
inside of the vacuum vessel. 

45 

Brief Description of the Drawings 

Fig. 1 is a typical view of a vacuum vessel of a 
semiconductor process apparatus according to a 
first embodiment. 5q 

Fig. 2 is a typical view of a vacuum vessel of a 
semiconductor process apparatus according to a 
second embodiment. 

Fig. 3 is a graphical representation showing a 
relationship between ion energy (Eion) on exciting 55 
ecu and a flux parameter. 

Fig 4 IS a typical view of the vacuum vessel of 
the semiconductor process apparatus according to 


the prior art. 

Reference nurr.eral lOi depicts a first high- 
frequency generating apparatus. 102 a first high- 
frequency matching circuit, 103 a gas inlet 104 an 
evacuating pert, 105 an upper electrode! 106 a 
target of silicon, 107 a lower electrode. 108 a 
vacuum vessel. 109 a flange. 110 a coil. 111 a 
second high-frequency matching circuit. 112 a sec- 
ond high-frequency generating apparatus. 113 a 
band-pass filter, 114 a turn switch, and 201 a 
capacitor. 

Best Mode for Carrying Out the Invention 

One embodiment according to the present in- 
vention is described referring to the drawings as 
follows. 

Fig. 1 is a sectional view of an apparatus 
showing a first embodiment. In Fig. 1. 101 depicts 
a high-frequency generating apparatus, for exam- 
ple, having a frequency of 13.56 MHz. which is 
connected to an upper electrode 105. 102 depicts 
a high-frequency matching circuit. 103 depicts a 
gas inlet, for example, with a bore diameter of 1/4 
inches, which is made of material SUS316L and 
whose inside surface is processed of complex 
electolytic polishing and oxide passivation process- 
ing. Gas for cleaning uses, for example, CF4, and 
gas for wafer process uses, for example, mon- 
osilane gas or oxygen gas. 106 depicts a target 
material which uses, for example, a silicon wafer 
with a diameter of 5 inches. 

Numeral 108 depicts a depressurisable vacu- 
um vessel, for example, whose material is 
SUS316L and inside surface is processed of the 
complex electrolytic polishing and the oxide pas- 
sivation processing and one edge is formed in a 
hollowed 300mm cubic box shape. 

Numeral 104 depicts an evacuating port for 
evacuating the vacuum vessel 108, an evacuating 
apparatus uses, for example, a turbo molecular 
drag pump. 109 is a flange, for example, whose 
material is SUS316L and inside surface is pro- 
cessed of the complex electrolytic polishing and 
the oxide passivation processing and which is 
formed into a disk shape with a diameter of 200 
mm. 

Numerals 105 and 107 depict upper and lower 
electrodes respectively, for example, each having 
material of SUS316L whose surface is processed 
of the complex electrolytic polishing and the oxide 
passivation processing and whose largeness is of a 
diameter of 6 inches. 112 depicts a high-frequency 
generating apparatus, for example, having a fre- 
quency of 35 MHz which is connected to the lower 
electrode 107. 111 depicts a high frequency 
matching circuit thereof. 113 depicts a band pass 
filter whose circuit is made of a coil and a capacitor 
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a'^C A^ c" '^a^es **^e iCAe' e'ect^cre a s^c^ circuit 
in a ma-^'^e' fc^ a '\^s\ frequency, 

'-r e<ar^Cie 13 56 MH<: c" A-afer cccess.ng. 110 
ze:z ::s a ccii. for exar^c e ^r^-ace cf coocer as a 
rra:e' a. nav-g a coccer Aire c^te^-diameter 1 
nn.'T. a ccn ^aclijs or 25 ^rr.. a c: . length of 300 
r^:^.. arc the nur^cer c' coil t-^-^s 145. This is 
ecLai to about 1.6 x 10~* H wit-^ an impedance 
IGO for 100 MHz 114 depicts a turn switch for 
ccnrecting the lowe^ eiectrode 107 to the high- 
freq-^ency generating power supci. 112-side or the 
ccii 1 ' 0-Side 

rci:OA'ngiy, functions of the accaratus are de- 
scriced In tn,s apparat'^s for exa.^.pie, Si sputter- 
ing ;s available To achieve this, a sihcon wafer is 
disposed on the lower electrode 107 through a gate 
valve from a vacuum vessel {not snown) connected 
to the vacuum vessel 108. The turn switch 114 is 
connected to the high-frequency generating ap- 
paratus 112 side, argon gas is introduced into the 
vacuum vessel 108 from the gas intet 103 and a 
high-frequency electric power having a frequency 
of 1 to 15 fVIHz (13.56 MHz m this example) is 
applied to the upper electrode 105 from the high- 
frequency apparatus 101, thereby a plasma is gen- 
erated in the vacuum vessel 108. At this time, a 
wafer (not shown) set on the lower electrode 107 is 
heated by the heater, for example, at 300 and 
silicon target material 106 is biased, for example, 
by -300 V from the external for the earth (not 
shown). In this embodiment, the target material is 
biased, for example, using current in a direct-cur- 
rent. However, the foregoing is unnecessary de- 
pending on a frequency or a high-frequency elec- 
tric power. Such is the case, argon lon within the 
plasma sputters the silicon target material 106, thus 
sputtered Si is accumulated on the wafer which is 
disposed on the lower eiectrode 107, in this case, 
by the high-frequency generating apparatus 112. 
preferably a high-frequency electric power having a 
frequency of 30 to 50 MHz (35 MHz in this exam- 
ple) IS supplied to the lower electrode 107 to self 
bias the wafer, for example, by +10 V. then Si 
accumulated on the wafer comes to monocrystal. 
thus monocrystallization of Si at a low tennperature 
IS possible. 

However, thus sputtered Si sticks on every- 
where on the inside surface of the vacuum vessel 
108 even m the present apparatus. As hereinbefore 
described in the prior art paragraph, such must be 

removed. 

The examples of cleaning of the vacuum ves- 
sel 108 include the followings. 

The turn switch 114 is connected to the coil 
110 side, and the gas. for example CF^. is intro- 
duced from the gas inlet 103. and by the first high- 
frequency generating apparatus 101 a high-fre- 
quency electric power having, for example, a fre- 


c^ency c* V5^J s in-pcsed c the ucper 

e ect^cde 1 25 :c ge^e-ate plasn-a m tne vacuum 
.esse: 1C6 T'^e'^ tre c^asn^a screa:!s enough m 
tre vacuu"" /essei 108 and impurity stucked m 
5 eve-y nccx: a'^d ccrne^ of the surface can be re- 
'^cved 

A reasc^ w'^y the plasma spreads tnto the 
vacuum vessel 108 m tne embodiment is described 
as follows The first high-frequency on cleaning 
10 uses, fcr exa^.ple ICC MHz, and for such 100 
MHz. the vacuum vessel 108 has an impedance of 
100 n fc tne effective earth. An impedance across 
tre lowe.' eiectroce and the earth is equal to 100 
in this embcdiment cecause the turn switch 114 
75 is connected to the co'l side on cleaning. Thus, 
when applying a high-frequency electric power on 
the upper electrode 105 by the first high-frequency 
generating apparatus 10i. a high-frequency current 
hardly flows into the tower electrode 107, but easily 
20 flows into the inside wall of the vacuum vessel, this 
enables the plasma to spread. 

As hereinbefore described, in this embodiment, 
impurities stucked on the inside surface of the 
vacuum vessel 108 can be removed without open- 
25 ing of the vacuum vessel 108 to the atmosphere, 
hence, moisture in the atmosphere is not to stick 
on the inside surface of the vacuum vessel 108. or 
the inside of the vacuum vessel 108 is not to be 
contaminated due to dust from the cloth used on 
30 wet cleaning operation, unlike the wet cleaning 
described in the prior art paragraph. The organic 
solvent impregnated in the cloth is not to remain in 
the vacuum vessel 108. Therefore, in the invention, 
particles or impurities are not to remain in the 
35 vacuum vessel 108, unlike the prior art. This con- 
siderably serves in improving production yield in 
semiconductor manufacturing. 

In the embcdiment, the extremely shortened 
time is enough for cleaning, compared to the wet 
40 cleaning. 

According to the present invention, a rate of 
operation of the apparatus which is of the same 
importance as a production yield in the semicon- 
ductor manufacturing can largely be upgraded. 
45 In the embodiment, the vacuum vessel 108. 

gas inlet 103. flange 109. upper electrode 105. and 
lower electrode 107 are, for example, made of 
material of SUS316L and formed of inside surfaces 
and outer surfaces which both are processed of the 
50 complex electrolytic polishing and the oxide pas- 
sivation processing. This is because the inside 
surface of the vacuum vessel is made prevented 
from corrosion even in exposed to halogen atoms 
which are chemically activated on cleaning. Further 
55 in the invention, there may preferably be used the 
other materials, for example, SUS316L, or alumi- 
num processed, for example, of nickel plating, 
whose surfaces are treated with fluoridation pro- 


4 


EP 0 641 150 A1 


8 


cess Ir esse!"t;al m the invention, any of those 
without cor'osicn even in exposed tc chen^ically 
activated haicgen group atoms may preferably be 
used 

In tre embodiment, the turbo mclecular drag 
cu'^p 'S used for the evacuating apparatus. How- 
eve^ accc:rc::ng to the invention, it is cf course that 
the other types of vacuum pumps may preferably 
be used depending on utilizations. 

In the embcdiment, the silicon wafer with a 
diamete^ c* 5 inches is used for the target material 
106 However m the invention, any of other materi- 
als m,ay preferably be utilized depending on utiliza- 
tions 

In the emibcdiment as described above. 100 
MHz iS given to the first frequency of the high- 
frequency electric power imposed by the first high- 
frequency generating apparatus 101. In the inven- 
tion, a frequency equal to or more than 100 MHz 
may preferable be used (preferably a frequency of 
ICO to 200 MHz). In case of cleaning by setting 
100 MHz or more, an arisen smaller self spurious 
in the target 106 suppresses sputtering of the tar- 
get 106 to satisfactorily prevent additional contami- 
nation during cleaning of the vacuum vessel. 

In the embodiment, CF* is used as an in- 
troducing gas from the gas inlet 103. However in 
the invention, halogen group atoms such as F, CI. 
and Br or inert gas similar thereto may preferably 
be utilized. In particular, in respect of the gas such 
as ecu having smaller binding energy of gas mol- 
ecules (preferably, equal to or less than 4 eV / 
Molecule) from among gases, as shown in Fig. 3. a 
flux parameter expressing a largeness of ion den- 
sity increases, although the ion energy (Eion) Is 
hardly varied within a range of low value, when 
allowing the high-frequency electric power to 
gradually increase under the condition of a clean- 
ing process pressure equal to or more than 110 
mTorr in case where plasma is generated by ap- 
plying the high-frequency electric power having a 
frequency of 13.56 MHz. The same tendency as 
described above is obtained in case of 100 MHz or 
more. Accordingly, it is possible to raise only the 
ion density while the Ion energy remains kept at 
low value when the high-frequency electric power 
is increased for effectively performing the cleaning 
process. Thus, m the cleaning process, impurities 
on surfaces is effectively removed without damage 
to. for example, the oxide passivation skin film 
which is exposed to plasma, for example, which is 
provided on an inside surface of a vacuum tube or 
on a front surface of an electrode. For gases other 
than ecu gas. there can be provided SFs. PCb. 
NF3. HBr. HI, and Br2. 

The flux parameter is defined by the following 
equation (see Japanese Patent Application Hei-2- 
252847 in 1990), 


Flu:< = Pwrf Vpp 

/^here Pwrf represents a high-frequency electric 

5 power supplied to an electrode, and Vpp repre- 
sents a high-frequency amplitude in the electrode. 

In the embodiment, copper as an example for 
material is used for the coil 110 made of copper 
wire with a diameter 1 mm. a coil radius of 25 mm. 

10 a coil length of 300 mm and the number of coil 
turns of 145. However in the invention, the other 
materials and optional shape for the coil may pref- 
erably be used depending on utilizations. In essen- 
tial according to the invention, when connecting the 

75 turn switch 1 14 to the ccil 1 10 side, an impedance 
between the lower electrode and the earth may 
preferably be larger enough than that between the 
upper electrode and the earth. In the embodiment, 
the fix type is used for the coil inductance. How- 

20 ever in the invention, a variable type of coil induc- 
tance may preferable be utilized. 

The cleaning process of the embodiment may 
preferably be performed, immediately after wafer 
processing, every time after the wafer is carried to 

25 a vacuum vessel connected through the gate valve 
to the vacuum vessel 108. In this process, the 
same conditions within the vacuum vessel 108 are 
maintained at every time immediately before wafer 
processing, hence, an stable wafer processing Is 

30 possible. The cleaning may preferably be per- 
formed after several sheets of wafers have been 
processed. 

In the embodiment, as a wafer process, for 
example, sputtering process of silicon is per- 

35 formed, and in the cleaning process, accumulated 
substances of silicon stucked on the inside surface 
of the vacuum vessel is removed. However in the 
invention, the others as a wafer process, for exam- 
ple, a process such as CVD process or RIE pro- 

40 cess may preferably be performed to remove accu- 
mulated substances, for example, Si, Si02. fluorine 
compound, and carbon compound, which have 
been stucked on the inside surface of the vacuum 
vessel on cleaning process. 

45 Fig. 2 shows a second embodiment. 

This embodiment corresponds to the first em- 
bodiment, however in which the capacitor 201 is 
inserted between the co\\ 110 and the second 
electrode 107, where the other construction is the 

50 same as in the first embodiment, therefore the 
explanation thereof will be omitted. 

The capacitor 201 with a capacitance of 10 pF 
is used. As is the case of the first embodiment, 
when plasma is generated in the vacuum vessel 

55 108, the plasma spreads enough into the vacuum 
vessel 108. impurities stucked in every nook and 
corner on the surface can be removed. 
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In tr.e ccO.-^e^t *re :apac;tcr 201 with a 30 tc 50 MH2. 

capac tance c* iO ::F if: used Hcwever in the 
:nvent:cn, tre ct'^e' cct.cnai fixec vaiuec capaci- 
tance cr a va^ acse cacacitarce nnay preferable be 
^til'zec In essent'a, 'A^en connecting the turn 5 
SATitcr 114 wth tne coil 110. an innpedance be- 
r^een tne lower eiectrode and the earth nnay pref- 
erably be made larger enough than an innpedance 
between the upper electrode and the earth. 

Furthernnore, in the embodiment, the coil and w 
the capacitor are connected in series with each 
ether. However \n the invention, a parallel circuit 
trere*cr may be available 


Industrial Applicability 75 

The invention is to provide a process apparatus 
capable of cleaning in a short time entirely without 
exposing a chamber to the atmosphere. 


Claims 


3. A process apparatus in accordance with claim 
1, wherein the gas in said item 1 is an inert 
gas. for example, a gas having halogen group 
atoms such as F, CI, Br. 

4. A process apparatus in accordance with claim 
1, wherein the first frequency is equal to or 
more than 100 MHz, and the second frequency 
is equal to 10 to 50 MHz. 

5. A process apparatus in accordance with claim 

1 , wherein the first frequency is equal to 1 to 
15 fvlHz. and the second frequency is equal to 


20 


1. In an apparatus in which at least two elec- 
trodes, first and second electrodes are pro- 
vided in a vacuum vessel, a high-frequency 25 
electric power having a first frequency is sup- 
plied to the first electrode, a high-frequency 
electric power having a second frequency dif- 
ferent from the first frequency is supplied to 
the second electrode, a mechanism for holding 30 
a wafer is disposed on the second electrode, 
and a gas introduced into the vacuum vessel is 
turned into a plasma, 

a process apparatus characterized by hav- 
ing a structure by which an impedance be- 35 
tween the second electrode and the earth is 
made larger enough than that between the first 
electrode and the earth, if necessary. 

2. A process apparatus in accordance with claim 40 
^, wherein a coil or a circuit of combination of 
a coil and a capacitor Is used as a structure for 
enlarging an impedance between the first elec- 
trode and the earth, if necessary. 


45 
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